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IHAPFICABILm’  OF  SHOW  TH  ARCTIC  AND  SUBARCTIC  REGIONS 


By 

« 

B.  G.  Schreiner* 

Introduction 

TrUfficahillty  is  the  characteristic  of  a  terrain  that  Indicates  its 
ability  to  support  the  passage  of  a  ground  vehicle.  B>e  principal  aim  of 
the  trafficabllity  studies  being  conducted  by  the  Waterways  Experiment 
Station  is  to  develop  suitable  correlatiras  between  single  terrain  mea> 
sureaents  and  vehicle  performance. 

One  of  tbe  terzaiu  surface  conditions  that  poses  trafficabllity 
probleits  in  northern  areas  is  snow.  Several  agencies  have  responded  to 
these  probleas  and  have  performed  trafficabllity  studies  on  various  sno* 
conditions.  The  H.  S.  Amy  Cold  Regions  Research  and  Engineering  Labora¬ 
tory  cfxiducted  seme  snow  trafficabllity  tests  many  years  ago  in  the  movm- 
talns  of  Colorado^  end  later  in  Michigan  and  Greenland.  The  U.  S.  Army 
Land  Locomotion  Laboratory  and  Transportation  Research  Canoand  have  studied 
snow  probleas  in  Kichi,^aa  end  elsewhere;  and  the  Canadian  Defer  Ce  Research 
Board  has  made  several  studies  in  Canada. 

Snow  Trafficabllity  Studies  of  the 
V/aterways  Experiment  St  at  i  on 


The  Waterways  Experiment  Station  for  a  long  tine  concentrated  most 
of  its  efforts  on  the  trafflcability  of  mineral  soils;  however,  in  recent 
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jrears  it  has  also  turned  Its  attention  to  snow.  (The  work  in  snotr  has  nov 
progressed  sufficiently  to  varrant  disenssion.  ^'his  i>eper  will  describe 
briefly  the  most  important  correlations  derived  through  traf ficabi3.ity 
testing  in  snov. 

Ihe  ifatervays  E^qperiaent  Station  beg^  snow  traificablllty  studies 
in  195^-  Since  then  it  isas  conducted  test  programs  on  the  Greenland  Ice 
Cap  sad  in  the  mountains  of  Colorado,  aitd  has  participated  in  programs 
condseted  by  other  agencies  at  Houghton,  Michigan,  and  Ft.  Churchill  and 
Kapuskasing,  Canada.  Detailed  results  of  the  work  in  sncw,  including  s  uiy 
facets  not  covered  in  thit  paper,  have  been  published  in  WES  Technical 
Memarsoduffl  No.  3-^l9>  Trafficabillty  of  Snow,  Reports  1-9. 

Snow  cooditions  tested 

According  to  SIPRE’s  'Simplified  Held  Classification  of  Nat'oral 
Snow  lypes  for  Engineering  Purposes, "  the  snow  conditions  tested  in 
Greenlaad  Included  dry,  moist,  and  wet  fine-grained  snow,  and  vet  coarse¬ 
grained  sncw;  the  conditloi  tested  in  the  United  States  and  Canada  has 
been  primarily  dr/  snow.  Bie  surface  snow  on  the  ice  e*l>  ranged  in  hard¬ 
ness  ttoa  soft  to  very  asrd  for  the  dry  snow,  and  soft  to  very  soft  for 
the  moist  and  vet  snov.  Tas  dry  continental  snow  tested  ranged  from  soft 
to  very  soft  thrcaghout  the  entire  snrwpack. 

Instrmgnts  and  techniques  jsed 

Ste  principal  instrument  used  to  measure  snow  -traflficability  has 
been  the  cone  penetrometer  logather  with  a  compaction  test  appsuratus 
modified  from  the  standard  remolding  test  apparatus  used  in  fine-grained 
soils.  Prior  to  selection  of  these  instruments,  however,  some  12  other 
instruments  and  the  snew  property  ceaairements  obtained  with  them  were 


evaloBted  during  pilot  phases  of  the  study.  Results  showed,  that  the 
standard  trafflcability  instruments  appeared  to  be  the  most  iiseful  of 
those  studied. 


Vtehidtes  tested 

flhether  a  terrain  is  trafficable  or  not  depends  not  only  on  the 
specific  features  of  tb^  terrain,  but  also  on  the  characteristics  of  the 
Tehicle.  To  achieve  a  better  understanding  of  the  trafflcability  problems 
in  snow,  a  variety  of  vehicle  systems  was  tested,  including  self-propelled, 
tracked  and  Reeled  vehicles,  and  10-ton  sleds.  The  ground-contact  pres¬ 
sures  of  the  tracked  vehiclrs  ranged  free  1.0  psi  for  the  Tucker  Sno-Cat 
to  10.5  psi  for  the  m48  tank.  The  gross  weights  of  the  tracked  vehicles 
ranged  from  5,000  lb  for  the  M29C  weasel  to  96,000  lb  for  the  m48  tank. 
Because  of  their  peer  perfcnaance,  only  a  few  tests  have  been  run  with 
conventional  wheeled  vehicles.  The  tests  with  sleds  were  made  to  compare 
the  performance  of  steel  runners  and  two  types  of  plastic  runners. 

Vehicle  tests  cocducted 

Itehicle  tests  were  of  three  general  types:  single  self-propelled, 
towing,  end  towed.  A  single  self-propelled  test  is  one  in  which  a  self- 
propelled  vehicle  travels  forward  and  backward  in  a  straight-line  path 
in  the  same  tracks  until  it  becomes  imnobilizea  or  until  it  completes 
40-50  passes.  A  tcTwing  test  is  used  to  determine  the  drawbar  pull  a  self- 
propelled  vehicle  can  develop  under  prescribed  conditicas,  whereas  a  towed 
test  is  made  to  determine  the  amount  of  pull  required  to  tow  a  vehicle. 

Ifi  the  tests  discussed  ic  this  paper,  the  towed  vehicle  was  a  sled  equip¬ 
ped  with  one  of  the  sled-runner  nateri’ls  mentioned  earlier.  The  original 
purpose  of  the  tests  was  to  test  areas  where  snow  conditions  were  strong 
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enoas^  to  support  traffic  of  a  given  vehicle  and  other  areas  where  the  snow 
was  weak  enough  to  cause  a  vehicle  to  becoote  Ijzmobllised,  and  thus  delineate 
Tgo*  and  ’^o-go"  perfomance  on  the  basis  of  snow  properties.  Few  snow 
ccsiditicns  tested  were  found  to  be  poor  enough  to  cause  iasraobllization  of 
conventional  tracked  vehicles  in  a  few  straight-line  passes,  or  good  enough 
to  support  traffic  of  conventional  wheeled  vehicles. 

The  action  of  tracked  vehicles  in  snow  is  such  that  if  the  initial 
strength  of  the  snow  is  less  than  that  required  to  si^jport  the  vehicle,  the 
vehiele  will  compact  the  sacw  until,  the  strength  of  the  snow  equals  or 
exceeds  that  required.  This  condition  occurred  without  critical  vehicle 
sinkas^.  Tlnce  snow  conditions  were  not  encountered  that  permitted  cor¬ 
relation  01-  the  basis  of  go-no  go  fcr  50  passes,  most  vehicle  performance 
-veasureaents  re  in  terms  of  drawhar  pull  and  results  of  towed- vehi  cle 
tests. 

Test  results 

Because  of  dJ.fferences  in  snow  conditions  and  the  effects  of  snow 
depth  cc  the  tests  in  Colorado,  this  discussion  is  divided  into  ice-cap 
snow  tests  and  continental-countain  snow  tests. 

Ice -cap  sr.cw  tests.  In  ice-cap  snow,  tracked  vehicles  occasionally 
became  immobilized  on  natural,  steep  slopes  (if  steep  enough,  a  slope  can 
cause  the  immobilization  of  any  vehicle  on  any  medium)  end  on  steep  slopes 
created  hy  the  formation  of  ridges  and  swales  in  repetitive -pass  testing. 
Heavy,  high-grciind-pressure  vehicles,  such  as  the  M48  tank  with  a  ground 
pressure  of  10. 5  ?si,  occasionally  had  difficulty  in  maneuvering  in  some 
Greehlacd  snow  conditions.  However,  in  no  ease  ^ere  any  of  the  tracked 
vehicles  tested  in  Greenland  incsobilized  in  a  few  passes  while  traveling 
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oa  level  snow  and  not  towing  a  load. 

In  multiple-pass  traffic  in  tbe  same  ruts,  ridges  end  swales  begin 
to  develop  along  the  rut  surface  after  approximately  10  pMsee;  if  trerffic 
Is  continued,  these  ridges  and  swales  may  cause  the  vehicle  to  become  Im¬ 
mobilized.  The  an^litude  and  frequency  of  the  ridges  and  sv&les  apparently 
depend  upon  such  vehiclq  characteristics  as  gross  weight,  ground  pressure, 
track  length,  etc.  After -traffic  snow  strength,  in  terms  of  cone  index, 
shows  an  orderly  change  with  number  of  passes  applied,  initial  strength  of 
the  snow,  and  load  applied.  The  magnitude  of  the  change  is  dependent  upon 
such  factors  as  vehicle  contact  pressure  and  gross  weight,  the  number  of 
passes  applied  by  the  vehicle,  and  the  gredn  size  and  wetness  of  the  snow. 
All  wet  snow,  moist  snow,  and  the  softer  dry  mow  increase  in  strength  with 
coB^action,  as  shown  in  fig.  la,  but  hard  to  very  hard,  dry  snow  loses 
strength  when  ccnrpacted  because  the  bond  between  the  snow  grains  is 
destroyed. 

Vehicle  perforzr.ance  on  the  basis  of  depth  of  rut  formed  while  the 
vehicle  is  traveling  over  virgin  snow  can  be  correlated  directly  with 
snow  property  moasurenents.  It  has  been  found  that  the  correlations  are 
iiq>roved  ty  sepa.'ating  the  snow  types  on  the  basis  of  wetness,  as  shown 
in  fig.  lb. 

Generally  speaking,  in  the  snow  trafflcability  tests  the  rut  created 
on  the  first  pass  was  about  two-thirds  as  deep  as  it  became  after  10  ^...sses. 
Fig.  2  is  a  plot  comparing  the  depth  of  r;'-  after  the  first  pass  (Y-axis) 
with  that  after  the  10th  pass  (X-axis). 

airing  the  first  pass  of  a  vehicle,  the  snow  ccaapacted  by  a  track 
of  the  vehicle  is  deformed  downward  with  little  lateral  movement,  as 
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sbowlBr  the  resultant  stress  jAttems  beneath  the  rut  surface.  The  depth 
of  the  AefurFixtioD  or  "stress  bulb"  Is  <tependent  upon  the  gross  weight  of 
the  and  the  initial  strength  of  the  -snow.  As  soon  as  the  strength 

of  the  e«3tt-l*  t'le  force  «.  !  tl»  load  applied,  no  significant  further 
defonw*  • . .  occtu's;  fc  ice  no  further  de^felopment  of  the  stress  bulb:  tSKes, 
place.  lA  MS  touju-  “J  n'  .'or  the  sa.-ce  ftontact  pressure’,  the  depth  of  the 
stress  Inlb  was  sbal'  jw  in  dry,  medium-hard  snow  and  deep  in  soft,  wet  snow 

(fi«-  3|.  : 

Ibr  the  towlag  tests,  in  which  performance  was  measured  in  terms  of 
■ftTrfiwiM  irawbir  pall  that  the  vehicles  could  develop  under  certain  snow 

*  t 

eoBdlticBBS,  the  beat-  perfonsaace  with  all  vehicles  tested  was  obtained  on 
nolst  earn,  foHcaed  by  that  on  wet  snow  which  appeared  to  have  a  slight 
advent^  over  dry  snow  fov  most  vehicles  (fig.  J*).  Far  all  snow  types, 
the  glrdsrized  tract  systems  of  the  engineer  tractors  generally  gave  best 
perforaoKe,  fcdlcwsd  by  the  weasel  which  has  a  comparatively  high  niimber 
ef  bogies  for  the  contact  area  of  v..e  track.  Little  performance  difference 

appeared  between  tJje  high-speed  tractor  and  the  Mlfv'  tank.  This  indicates 

=  ( 

that  the  sore  iznifarmly  the  track  systen  loads  the  snow,  the  better  the 
vehicle  performs.  It  was  found  also  tlwit  ground-contact  press-ore  affected 
the  towi^  perfomoce  of  a  vehicle.  Tests  rtin  on  a  dry  snow  with  a  cone 
index  of  30  indicate  t^at  for  a  vehicle  to  tow  Uo  percent  of  its  gross 
weight  is  this  type  of  snow,  the  gzound-coatact  pressure  should  not  exceed 
4  psi  (fig.  5). 

Reailts  of  the  sled  tests  (fig.  6)  indicate  that  the  kinetic  friction 
of  TefJc».coated  rtssziers  over  dry  snow  is  approximately  one -half  that  of  . 
steel,  idcle  that  of  Kel-F  plastic-coated  runners  falls  about  halfVay 
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lietveen  the  Teflon  and  steel  valoes.  Tests  of  static  friction  shov  highest 
I  coeffitients  for  wet  snow  and  lowest  for  dry  snow.  As  the  snow  becomes 
moist>  the  differences  in  friction  coefficients  become  less  and  the  values 
thanaelves'  beccaae  smaller.  For  wet  scc»>'^  friction  coefficients  are  a 
little  higher  than  for  moist  snow.  lh\it  loads  between  2.5  and  5*0  psi  had 

t 

‘  1 .  > 

no  appreciably  different  .effects  on  kinetic  friction.. 

!  Continental -mountain  snow  tests.  More  consideration  was  given  to 

•  depth  of  snowpack  in  studies  of  continental  snow,  since  it  is  relatively 
shallow  (usuallyi  less  than  4  ft  deep)  ccm^pared  to  deep  ice-cap  snow.  The 
depth  of  the  mountain  snow  tested  ranged  from  12  to  45  in.  The  snow  condi¬ 
tion  was  always  .soft  to  very  soft  (strengths  in  terms  of  cone  index  ranged 

I 

froa  2  to  12)  with  wetness  classifications  of  moist  or  dry. 

The  3:ultiple-pass  traffic  test  results  show  that  sinkage  (rat  depth) 
nan  be  correlated  with  snow  depth  for  a  particular  vehicle  (fig.  7).  The 
first  pass  of  a  vehicle  is  the  most  difficult.  The  only  tracked  vehicle 
tested  that  became  immobilized  was  an  tractor,  and  immobilization 
'  occurred  ia  about  45  in.  of  snow.  Difficulties  were  encoun-cered  in  steer¬ 
ing;.  tsTcksd  vehicles  in.  snow  when  the  depth  exceeded  about  30  in.  Tracked 
vehicles  with  high  ground  pressuies  ijerformed  better  in  snow  30  in.  or 
less  ia  depth  than  Icwer  grpur.d-pr*»ssure  vehicles,  because  the  former 
vehicles  sank  thiroagh  the  soft  snow  and  developed  traction  near  the  ground 
surface. 

Tk?  trafficability  of  soft,  dry  snow  was  improved  by  compaction  and 
age-haxdening.  ,  ■ 

I 

1  iBteeled  vehicles  operating  without  traction  devices  became  immobi¬ 
lized  in  snow  depths  in  excess  of  about  25  percent  of  their  wheel  diameter. 


!i 
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of  the  towing  tests  isdicate  that  vehicle  performance  In 
terns  of  naxinum  drawhar  poll  can  he  correlated  with  snow  depth;  as  snow 
depth  increases,  drawbar  pull  decreases.  For  one  vehicle,  the  M29C  weasel 
(fig.  d),  it  was  found  that  in  soft,  dry  snow,  wnow  depths  greater  than 
30  in.  did  not  affect  the  drawhar  pulls  because  at  this  depth  the  entire 
stress  bnlb  was  contained  within  the  snow.  First -peuss  drawbar  pull  was 
greater  in  ooist  than  in  dry  srow.  The  total  tractive  coefficient  (maximum 
drawbar  poll  plus  rolling  resistance)  was  about  the  sane  for  all  ti.acked 
vehicles  tested  (fig.  9)* 


On  the  basis  of  results  of  field  test  prograas  of  admittedly  limited 
extent,  ssow  type,  wetness, .  depth,  and  strength  appear  to  be  of  signifi¬ 
cance.  Generally,  all  tracked  vehicles  can  travel  over  the  level,  perma¬ 
nently  cowered,  deep-snow  areas  of  the  Greenland  Ice  and  over  the 
subarctic  snow  when  It  Is  less  than  about  36  in.  deep.  Maximum  drawbar 
pulls  on  ice -cap  snow  were  found  to  vary  in  a  neunrcw  range,  from  about 
35  to  1»5  percent  cf  tbs  gross  wei^t  of  the  vehicles;  while  on  subarctic 
snow,  the  naximum  drawbar  pall  depended  significantly  tqjon  the  snow  depth. 
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